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Fine-root response to nitrogen manipulation 
in three Norway spruce catchment areas 

H. Persson, K. Ahlstrom, A. Clemensson-Lindell 


Abstract: 

Investigations on the experimental impact of nitrogen 
manipulation on the distribution and standing crop of 
Norway spruce fine roots were carried out using data 
obtained from core sampling. The experimental areas 
were three catchment areas subjected to decreased 
nitrogen and sulphur deposition (G1 ROOF), increa¬ 
sed nitrogen deposition (G2 NITREX) and ambient le¬ 
vels of nitrogen and sulphur deposition (FI CON¬ 
TROL), respectively, within the Lake G&rdsjon basin, 
SW Sweden. The excavated fine roots (< 1 mm in dia¬ 
meter) were separated with regards to vitality into li¬ 
ve and dead fractions. 

Signs of an increased percentage of living fine roots 
in the G1 ROOF catchment suggest that growth con¬ 
ditions for fine roots were improved by reduced N and 
S deposition. Related results from the G2 NITREX 
catchment, suggest a related trend towards health im¬ 
provement of the fine roots. However, in this case the 
improvement probably is related to a temporarily chan¬ 
ge in the nutritional conditions, viz. an increased ion 
exchange after the N-addition. These results suggest 
that fine-root growth dynamics are affected by chan¬ 
ges in nitrogen deposition, but that the growth response 
requires several years to be detectable. Similar pattern 
in the year-to-year changes in live and dead fine roots 
occurred in all catchment areas, which must be related 
to variations in climatic conditions, masking the chan¬ 
ges due to different treatments. 

Key words: acidification, fine-root biomass, fine-root 
necromass, fine-root chemistry, forest decline, nitro¬ 
gen, Picea abies, tree vitality, soil cores 


Introduction 

Anthropogenic input has increased during the last cen¬ 
tury as a contributing factor to forest damage in middle 
Europe (Marschner 1991, Schulze 1989, Ulrich, 
1989). The air pollutants are characterised by a combi¬ 
nation of both acidifying and fertilizing substances 


(Aber et al. 1989, Marschner et al. 1991). Atmosphe¬ 
ric pollutants may influence the growth and anatomy of 
forest trees directly by changing soil chemistry and in¬ 
directly by injuring needles (McQuattie & Schier 
1992). Consequences for forest soil can include changes 
in soil pH, loss of soil cations and changes in plant and 
microbial communities. With regards to the nutritional 
processes in the soil, root-soil interactions are most im¬ 
portant. One question which is necessary to investigate 
is to what extent the roots actively takes part in the wea¬ 
thering processes? 

Nitrogen eutrofication of the soil may arise either from: 
- atmospheric deposition of both ammonium-N and oxi¬ 
dised N-forms, antropogenic fertilisation or a high abun¬ 
dance of N 2 -fixing organisms (Gusman 1991, Olsthorn 
et al. 1991). As a consequence of elevated inputs of at¬ 
mospheric N during past decades the N cycle has beco¬ 
me disrupted in many forest ecosystems changing from 
a closed to an open cycle. Nitrogen leaching generally 
occur in damaged forests; but this is not a universal pat¬ 
tern (Bergholm et al. 1993). 

Fine-root studies in damaged forests have exhibited a 
number of changes in fine-root development,, which ha¬ 
ve been related to nutrient deficiencies and/or metal to¬ 
xicity’s (e.g. Murach 1984, Meyer 1985, Persson et al. 
1995). Different approaches have been applied in order 
to describe and quantify changes in the „vitality” of fi¬ 
ne-roots (Perrson et al. 1995). Root damage often seems 
related to low avalibility of most nutrients except for 
nitrogen (Persson et al. 1995). Damage to fine roots and 
mycorrhiza has been reported throughout a wide geo¬ 
graphic range of forest decline (Glenn et al. 1991, Pu- 
he et al. 1986, Schlegel et al. 1992). 

Several studies have examined the status of fine roots 
and mycorrhiza as a correlate of tree health, but there are 
no generally acceptable characteristics of damage signs 
(cf. Perrson et al., 1995). PuHEetal. (1986) foundaclo- 
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se relationship between needle loss and fine-root loss in 
damaged Norway spruce (Picea abies (L.) Karst.) 
stands, of different site quality and ages. In forest stands, 
fine-root production (and respiration) may (or may not) 
increase with increased N availability (Persson et al. 
1995). Some field experiments have demonstrated lower 
absolute and relative below-ground production follo¬ 
wing fertilisation (Persson et al. 1995, Linder & Axels- 
SON 1982). Frequently, a decreased standing biomass of 
tree fine roots is to be found on N rich sites indicating a 
higher turnover and shorter longevity of fine roots (Na- 
delhoffer et al. 1985, Persson 1980, Persson & Maj- 
di 1995). The decrease in fine root biomass along decrea¬ 
sing nitrogen status in forest stands is generally 
accompanied by a decrease in the depth of the forest 
floor (Gundersen et al. 1997, in press). 

Large scale fine-root investigations have been carried 
out in order to assess the influence of increased nitrogen 
levels (see literature in Persson et al. 1997, in press), 
different kind of liming (Persson & Ahlstrom 1991, 
Clemenson-Lindell& Persson 1993,1995) and the ef¬ 
fect of soil acidification and aluminium toxicity (see 
Persson et al. 1995). So far, only limited fine root data 
are available from investigations in areas subjected to re¬ 
duced nitrogen and/or sulphur deposition (Boxman et al. 
1997, in press, Persson et al. 1997, in press). 

Here we report results of the distribution and develop¬ 
ment of fine roots from 1990 to 1994 at three catchments 
in the Lake GSrdsjon basin, SW Sweden. Catchment G1 
ROOF received experimentally decreased nitrogen de¬ 
position, catchment G2 NITREX increased nitrogen de¬ 
position and catchment F1 CONTROL ambient nitrogen 
and sulphur deposition (Hultberg et al. 1993, Wright 
& van Bremen 1995). Root sampling was carried out 
using the soil core sampling technique (Vogt & Pers¬ 
son 1991). Five years’ of sequential root data are pre¬ 
sented describing changes in fine root development and 
chemistry in the different catchment areas. The investi¬ 
gations on the catchment G2 NITREX was a part of a 
nitrogen manipulation programme (NITRogen saturati¬ 
on Experiments) at seven forest sites across Europe 
(Wright & van Bremen 1995). 


Materials and methods 

Site description 

The experimental site G&rdsjon is located close to the 
Swedish west coast (58 04'N, 12 OLE), 50 km north of 
Gothenburg and about 10 km from the coast (cf. An¬ 
derson & Olsson 1985). The Gardsjon region has a hu¬ 
mid climate, with 1100 mm mean annual precipitation 
and a mean temperature of 6.4°C (Dise & Wright 1992). 
The deposition in the region is moderately high, with sul¬ 
phur deposition of 25 kg S ha -1 yr 1 and nitrogen deposi¬ 
tion of 13 kg N ha -1 yr 1 was measured (Dise & Wright 
1992). The area is characterised by an acid lake, sur¬ 
rounding terrestrial parts dominated by shallow podzo¬ 
lic soils with inclusions of barren rock and peat soils. 
The bedrock consists mainly of granites and old and yo¬ 
ung granodiorites (Melkerud 1983). The forest area is 
dominated by Norway spruce (Picea abies (L.) Karst.) 
up to 80 year of age with inclusions of Scots pine (Pinus 
sylvestris L.) in dry parts and a mixture of deciduous 
trees. The field and bottom-layer consist mainly of dwarf 
shrubs (Vaccinium myrtillus L. and V. vitis-idaea L.), 
mosses and lichens. The composition of the tree stand 
was the same in all investigated catchments. Two vege¬ 
tation types, Vflcc/7i/«w?-dominated and moss-domina¬ 
ted, respectively, were distinguished for the sampling 
programme within each catchment. 

Three subcatchments within the Lake GSrdsjon basin 
were investigated. At the G2 NITREX site (G2) 35 kg 
N ha' 1 yr 1 was added as ammonium nitrate to augment 
the natural N throughfall load (Dise & Wright 1992). 
The total nitrogen deposition was then within the range 
received by many forest ecosystems in central Europe. 
The nitrogen was distributed at weekly doses by means 
of a sprinkler system in proportion to the amount of na¬ 
tural precipitation during the previous 7 days. The volu¬ 
me of additional water was about 5% of the natural pre¬ 
cipitation. Treatment began in April 1991. 

A catchment G1 ROOF, was covered by a transparent 
roof beneath the canopy to exclude sulphur and nitrogen 
in the throughfall. Water from lake GSrdsjon with added 
seasalts was sprinkled beneath (Hultberg et al. 1993). 
Incoming throughfall was intercepted and channelled 


310 



© Biologiezentrum Linz/Austria; download unter www.biologiezentrum.at 


from the catchment. Treatment began in April 1991. 
Litter was collected from the roof and adjusted to the soil 
underneath it. A third catchment, FI CONTROL, recei¬ 
ved ambient levels of deposition. 

Root sampling 

Root sampling was performed by the use of soil cores 
taken with a 4,5 cm cylindrical steel corer (cf. Vogt & 
Persson 1991). Sets of seven to ten soil cores (depth ab¬ 
out 30 cm) were taken in the beginning of October 1990 
-1994 in each of two vegetation types ( Vaccinium - and 
moss-dominated) within each catchment. Investigation 
of the distribution pattern of fine roots, however, indi¬ 
cated no significant dependency of vegetation type or di¬ 
stance to the nearest tree. Therefore root data, in the pre¬ 
sent context are used for the total stand, disregarding the 
importance of those small scale distribution patterns. The 
total length of the soil core was 30 cm. The soil cores 
were divided into humus layer and mineral soil, both lay¬ 
ers in turn divided into 5 cm segments, starting from the 
upper level of the mineral soil. The samples were stored 
in a deep freeze at -4° C until sorting could take place. 

Immediately after thawing, roots were picked out from 
each soil layer and sorted. The fine roots less than 1 mm 
were separated into live and dead categories, based on 
morphological characteristics (Vogt & Persson 1991). 
Live fine roots were more or less brownish/suberized 
and often well-branched, with the main part of the root 
tips light and turgid. Stele white to slightly brown and 
elastic. In the dead roots, stele was brownish and easily 
broken, no elasticity remained. The roots were dried at 
70° C for 48 hours and weighed to the nearest mg. 

Statistics 

Owing to the lack of replicated treatment areas and sin¬ 
ce the sampling was carried out only once a year, chan¬ 
ges were difficult to evaluate statistically. Only signifi¬ 
cant differences between different years within each 
catchment and vegetation area are discussed. The SAS 
analysis of variance (SAS GLM) and Student's t-test we¬ 
re used (Ray 1982). 


Results and discussion 

Estimated root variables displayed a large variability bet¬ 
ween samples from the same area and year (Table 1). 
This reveals the high degree of heterogeneity within the 
catchments, and also within distances of a few metres. 
In spite of the large variations in live and dead fine roots 
to be found in the core samples, significant changes we¬ 
re frequently recorded between different years (Table 1). 
The most substantial amount of living fine roots was ge¬ 
nerally found in the LFH-layer (50-60%), which is im¬ 
portant to know when evaluating year-to-year changes 
taking place. The high proportion of living fine roots in 
the LFH layer suggests that they were in a more vital 
growth stage. The amount of dead fine roots was gene¬ 
rally very low in the LFH layer. 

In G1 ROOF a significant increase in the amount of li¬ 
ving fine roots in the LFH layer took place at the same 
time as a parallel decrease in the amount of dead fine 
roots. In the LFH layer of the G2 NITREX catchment 
there were no change in the amount of living fine roots, 
but a decrease in dead fine roots was found as well. In 
the LFH layer of F1 CONTROL, the amount of fine roots 
varied greatly between different years, and a decrease in 
dead fine roots was also found. The increase in the 
amount of living fine roots, in the LFH layer in G1 
ROOF, subjected to reduced nitrogen and sulphur depo¬ 
sition, suggests a stabilisation and a gradual recovery of 
the fine roots. Similar changes were found in fine root 
growth data from the same catchment areas using in¬ 
growth cores (Persson et al., in press). In this context, 
the amount of fine roots in the ingrowth cores provides a 
direct estimate of fine-root reproduction and therefore 
offers a measure of fine-root vitality (Vogt & Persson 
1991, Persson 1993). This recover process was also pro¬ 
ved by better nutritional conditions in the fine roots from 
the ingrowth cores, viz. increased potassium, phos¬ 
phorous and calcium levels in relation to nitrogen (Pers¬ 
son et al., in press). 

The highest percentage of living fine roots was recorded 
in the LFH horizon during the first year of study. From 
1990 to 1994, there was a gradual decrease in the per¬ 
centage of living fine roots in the LFH soil horizon in all 
catchment areas from high estimates of about 70% to low 
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estimates of about 40%. A consecutive decrease in living 
fine roots was not found in the mineral soil layer, whe¬ 
re an increasing percentage of living fine roots was re¬ 
corded generally. The observed difference with time, in 
the growth pattern of the fine roots, suggest that an in¬ 
creased depth penetration took place in all catchment 
areas induced by alterations in climatic conditions. Ear¬ 
lier Swedish investigations (Persson et al. 1995a) indi¬ 
cate an increased depth penetration and negative effects 
on the fine root development in the upper part of the soil 
profile caused by experimental drought. 

If fine -root data for the whole soil profile down to 20 
cm in the mineral soil is added together (live + dead fi¬ 
ne roots) no significant changes were recorded during 
the period of study (Table 2). However, a closer look at 
data for live and dead categories (Table 2) reveals that 
the amount of living fine roots generally increased in G1 
ROOF and G2 NITREX, and that the amount of dead fi¬ 
ne roots decreased in all catchment areas. The percenta¬ 
ge living fine roots in FI, G1 and G2, respectively in¬ 
creased from 45,38 and 34% to 70,68 and 67%, which 
is nearly twice the original amount. The general trends 
in the changes in all catchment areas should be expec¬ 
ted to be induced by alterations in climatic conditions. 
The trends towards improvement in the vitality of the fi¬ 
ne roots (more living fine roots) in G1 ROOF and G2 
NITREX, however, should be expected to be induced by 
the experimental treatments. The increased percentage 
of living fine roots in the G1 ROOF must be related to 
improved growth conditions by reduced N and S depo¬ 
sition. The related changes in G2 NITREX, in is probab¬ 
ly related to a temporarily change in the nutritional con¬ 
ditions, viz. an increased ion exchange after the 
N-addition. 

The increased amount of fine roots in terms of dry weight 
in G1 ROOF and G2 NITREX during the period of stu¬ 
dy, were not followed by a related increase in fine-root 
length (Table 3). No significant changed were recorded 
in fine-root length, whereas the length to weight ratio 
decreased substantially in all catchment areas. This sug¬ 
gest that the fine-roots length penetration of the total soil 
profile remained the same during the period of study, 
whereas the dry weight decreased significantly. The 


decrease in dry weight may either be related less starch 
reserves or decreased diameter growth. 

Our results from GSrdsjon cover so far only five years. 
This is a limited period of time to distinguish treatment 
effects from year-to-year changes induced by alterations 
in climatic conditions. 
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Fl/LFH 

1990 

15 

107±59ab 

62±25ab 

54±43ab 


1991 

18 

78±46b 

74±19o 

8l±50a 


1992 

18 

109±7lab 

66±l7ab 

39±24b 


1993 

20 

73±53b 

41±27c 

28±38b 


1994 

20 

I23±58b 

57±21b 

28±5lb 

FI/humus 

1990 

14 

31 ±2 4b 

18±l Ibc 

75±56a 


1991 

18 

29±63b 

I4±l6c 

96±61a 


1992 

15 

35±29b 

19±1lbc 

37±28b 


1993 

17 

69±43a 

38±2la 

40±30b 


1994 

14 

59±32ab 

27±14ab 

34±47b 

FI/mineral'Soil 

1990 

15 

38±34abc 

22±19ab 

110±77 


1991 

18 

I3±lIc 

I2±l2b 

73±52 


1992 

18 

29±30bc 

I8±l7ab 

65±41 


1993 

20 

62±66a 

27±21a 

I24±173 


1994 

20 

55±38ab 

24±l6a 

55±49 

GI/LFH 

1990 

15 

94±58ab 

64±l8a 

55±44a 


1991 

17 

8l±52b 

70±l8a 

69±45a 


1992 

19 

I08±65ab 

60±24a 

33±l5b 


1993 

20 

80±53b 

45±22b 

29±26b 


1994 

25 

127±66a 

46±19b 

24±22b 

Gl /humus 

1990 

15 

23±21b 

20±20 

84±89a 


1991 

15 

24±30b 

I6±l 1 

80±59ab 


1992 

14 

50±35b 

21± 12 

48±28abc 


1993 

17 

41 ±2 5b 

27±I7 

35±28c 


1994 

21 

90±92a 

26±I5 

42±38bc 

Gl /mineral-soil 

1990 

15 

26±42bc 

16±19b 

113±96abc 


1991 

17 

I8±l6c 

I7±l4b 

167±109a 


1992 

19 

51±68bc 

25±27ab 

1I9±9lab 


1993 

20 

56±35ab 

32±16o 

I06±75bc 


1994 

25 

9l±72a 

32±23a 

59±37c 

G2/LFH 

1990 

16 

1I6±74 

65±31a 

79±59a 


1991 

16 

I09±70 

74±21a 

71±43a 


1992 

20 

I22±59 

76±l6a 

45±34b 


1993 

20 

I09±62 

50±20b 

30±26b 


1994 

20 

I26±93 

46±22b 

32±28b 

G 2/humus 

1990 

14 

28±24bc 

21 ±25ab 

88±5la 


1991 

15 

23±22bc 

I7±l6ab 

IOQ±54a 


1992 

20 

I9±l6c 

I2±8b 

36±2lbc 


1993 

19 


25±l6a 

50±30b 


1994 

15 

4l±32ab 

I3±9b 

I7±l5c 

G2/mincral-sotl 

1990 

17 

26±33c 

I7±25bc 

I35±63a 


1991 

16 

I2±l6c 

IO±l4c 

127±89a 


1992 

20 

22±24c 

I2±l3c 

84±44b 


1993 

20 

55±44b 

26±17b 

IOI±53ab 


1994 

20 

112±72a 

45±2Ia 

68±39b 
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Opposite page 

Table I. The distribution of fine roots (< I mm in diameter! in different soil horizons at catchments FI CONTROL, GI ROOF and G2 NmC 
EX. Estimates are given as mean \alues ± SD. Values with different letters differs significantly (Students t-test. p<0.05) between the years for 
each area. The depth of the LFH-horizon was 3.2 * 3.9 cm. the humus laser 5.0 - 7.7 cm and the mineral soil 18.4 - 22.9 cm: the total depth ot 
the soil core being 30 cm. 


Catchment 

Year 

n 

Live 

Dead 

Totals 

Live 




, 2 , 
(gm ) 

/ 2. 

(gm ) 

(gm 2 ) 

(*>) 


FI 

1990 

15 

I73±66ab 

2341117a 

4071123 

45117b 


199! 

18 

119±94b 

2501112a 

3701141 

32119c 


1992 

18 

!67±102ab 

135156b 

3021121 

53117b 


1993 

20 

194±102a 

186il77ab 

3801232 

54117b 


1994 

20 

220±73a 

106181b 

3261100 

70118a 








Gl 

1990 

15 

143±76b 

2521139a 

3951166 

381l8cd 


1991 

17 

120±79b 

3061129a 

4261150 

29+17d 


1992 

19 

1961140b 

188190b 

3841161 

48il9bc 


1993 

20 

171158b 

I65187bc 

3361109 

53114b 


1994 

25 

2941151a 

118147c 

4111162 

68115a 








G2 

1990 

17 

I58i90bc 

2821116a 

4401149 

34119c 


1991 

16 

143179c 

2921134a 

4351184 

33113c 


1992 

20 

I63l72bc 

I65176bc 

3281110 

50116b 


1993 

20 

21417 lab 

178173b 

3921102 

54114b 


1994 

20 

2691150a 

112154c 

3811163 

67117a 


Table 2. Fine-root live ibiomass), dead tnecromass). totals (biomass + necromass) and live ( c *! of totals in the soil core down to 30 cm at 
catchments FI CONTROL. G1 ROOF and G2 NITREX (g DWm2). Values with different letters differ significantly (Student's t-test.p<0.05) 
between the years for each catchment area. Mean valuesiSD. n = number of samples. 
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Catchment 

Year 

n 

Length 

LengihAVeigth 




, 2y 

(m m } 

(m/g.) 


F! 

1990 

11 

2987±987 

I6±2a 


1991 

16 

I504±I190 

1414ab 


1992 

8 

2440+949 

1212bc 


1993 

20 

211911254 

I l±2c 


1994 

20 

2282+812 

1012c 






Gl 

1990 

15 

2374±l360 

1713a 


1991 

14 

!813±1236 

15±3a 


1992 

11 

2835±1980 

1312b 


1993 

20 

20091989 

1113bc 


1994 

25 

312712052 

1013c 






G2 

1990 

11 

25691904 

1614a 


1991 

14 

20251958 

1512ab 


1992 

3 

23111382 

12±0bc 


1993 

20 

22651983 

1012c 


1994 

20 

309011535 

1215 be 


Table 3* Live tine-mot length and length/weight ratio* in in the total soil core down to 30 cm at catchments FI CONTROL, Gi ROOF and G2 
N1TREX, Value* w ith different letters differ significantly (Student \ i~tesi, fxO.05 ) between ihe years for each catchment area. Mean valuesiSD. 
n - number of samples. 
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